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0 Process and apparatus for melting contaminated metalliferous scrap material. 



0 A process and apparatus for melting contami- 
nated metalliferous scrap material are disclosed. The 
process comprises Introducing the contaminated ma- 
terial (11. 72) into a melting furnace (12. 70), heating 
the material by means of a plasma (13. 71) at a 
temperature below the melting point of the metai\,at 
which the non-metallic contaminants are volatilized 
in an atmosphere which is preferably inert or has low 
reactivity with the metal under the process con- 
ditions while displacing at least some of the material 
(11, 72) within the furnace interior, withdrawing vola- 
tile contaminants from the fumace (12, 70), increas- 
ing the temperature in the fumace preferably while 
maintaining an atmosphere of low reactivity in the 
(^fumace in order to melt the metal while preferably 
^displacing at least some of the material in the fur- 
^nace interior, and removing molten metal (77) from 
^the fumace. The process allows scrap material to be 
CJ melted with good metal recovery without the need 
^for separate decontaminating apparatus. The pro- 
Qcess can also avoid the heed to shred the scrap and 
^to add large amounts of fluxing salts to separate the 
Q molten metal from remaining dross, A rotary fumace 
(12, 70) heated by means of a contained arc plasma 
torch (13, 71) is preferably employed In the appara- 



drawn from the fumace. 
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tus which also preferably comprises an incinerator 
(21, 79) for oxidizing the volatile contaminants with- 
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. Process and apparatus for melting contaminated metaluferous scrap material 



This invention relates to a process and appara- 
tus for melting contaminated metalliferous scrap 
material. More particularly, although not exclusive- 
ly, the Invention relates to the melting of dirty, oily 
or coated aluminum scrap material. 

Scrap material made of aluminum or aluminum 
alloy Is generally recycled by melting the scrap 
and casting the molten metal into ingots suitable 
for re-use. When the scrap is contaminated with 
non-metallic materials, especially organic materials, 
it is not desirable to melt the scrap without first 
subjecting it to a heat treatment at a temperature 
below the melting point , of the metal in order to 
drive off volatile components or to decompose gas- 
generating materials. If this is not done, there may 
be violent gas evolution during melting or exces- 
sive smoke and flame which would put heavy inter- 
mittent demands on fume control systems. Further- 
more, the direct melting of contaminated thin 
gauge scrap in air undesirably results in large 
metal losses due to oxidation. e.g, as high as 15% 
by weight 

There are various known processes for remov- 
ing the volatiles from contaminated scrap but these 
processes generally take place in a furnace or 
apparatus which is separate from the melting 
equipment (normally a conventional melting fur- 
nace or sideweil furnace) and thus involve a heavy 
capital outlay. Moreover. If the decontamination 
step (removal of volatiles). is carried out merely by 
heating the scrap in air or, in atmospheres contain- 
ing such gases as carbon dioxide or water vapour, 
a thick layer of oxide is formed on the scrap during 
the decontaminating process and this not only re- 
sults in loss of recoverable metal when the scrap 
consists of thin gauge material but also causes 
problems during the melting step. In particular, the 
presence of an oxide film on the metal makes it 
necessary to add a large amount of a salt flux to 
the scrap during the melting step in order to obtain 
an efficient separation of the metal from the oxide 
surface layers, but the use of a flux means that a 
salt cake remains after the melting process and 
this poses disposal problems since such by-pro- 
ducts are pollutants when disposed in land fill sites. 

Another disadvantage of the conventional scrap 
decontamination methods is that the scrap must 
usually be separated into small pieces (if It is not 
already in this form) before It is subjected to the 
decontamination step. In -order to reduce trans- 
portation costs, many forms of scrap are com- 
pressed into bales at the collection site, and so 
these bales have to be crushed, shredded or 
chopped into small pieces before they are' Intro- 
duced into the decontamination apparatus. Other 



forms of scrap generally have to be divided in the 
same way. This is necessary not only to ensure 
that all of the contaminated surfaces are exposed 
during the decontamination step, but also that the 
5 decontaminated product can be properly accom- 
modated by the melting fumace. This crushing or 
separation step requires the provision of bulky and 
expensive equipment in addition- to the decontami- 
nation and melting fumaces and again this results 
10 in iarge capital outlays. 

An alternative process for continuous melting 
of light metal scrap is disclosed in East German 
Patent No. 212,054 to Primke et al (assigned to 
VEB Mansfeld-Kombinat Wilhelm Pieck). In this 
15 process, aluminum or other light metal scrap is 
melted in a plasma melting furnace employing ni- 
trogen gas as the plasma-producing medium. In 
order to avoid undue reaction between the alu- 
minum and nitrogen owing to catalysis caused by 
20 tiie contaminants on the metal, gaseous and dusty 
impurities are first removed from the scrap by 
suction and the scrap is fed below the surface of 
ihe metal melt to avoid direct contact between 
remaining impurities and ihe plasma arc or the 
25 fumace atmosphere above the baUi. However, tiie 
apparatus required to carry out such a process is 
complicated and expensive' because it requires a 
fumace with a raisable refractory chute for tiie 
feeding of the scap and a suction device for re- 
30 moval of impurities. The process also requires 
scrap which is shredded, cleaned, dried and 
preheated before charging which restricts and com- 
plicates the procedure. 

An object of the present invention is therefore 
35 to provide a process and apparatus capable of 
melting con;^minated metalliferous scrap with good 
recovery but without some or ail of the above 
complexities and disadvantages. 

According to one aspect of the present Inven- 
40 tion, there Is provided a process for melting con- 
taminated metalliferous scrap material comprising a 
metal and non-metallic contaminants, which pro- 
cess comprises introducing the contaminated ma- 
terial into a melting fumace having a furnace Inte- 
rs rior. decontaminating said material by heating said 
material by means of a" plasma at a temperature 
below the melting point of the metal at which the 
non-metallic contaminants ere volatilized while dis- 
placing at least some of said material within the 
50 furnace interior, withdrawing volatile contaminants 
from said fumace, increasing the temperature of 
the material in order to melt said metal; and remov- 
ing molten metal from said fumace. 

According to anotiier aspect of the invention, 
there Is provided an apparatus for melting metalllf- 
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erous scrap materiai which comprises a melting 
furnace having a furnace Interior for receiving con* 
taminated metalliferous scrap materiai containing 
metal and non-metaliic contaminants, a plasma 
generator for heating materiai in said furnace, 
means for displacing at least some of said scrap 
material within said furnace interior, means for with- 
drawing gas containing contaminants from said fur- 
nace, means for oxidizing and discharging said 
contaminants, and means for removing molten met- 
al from said furnace. 

The metalliferous scrap materiai which may be 
used in the present invention is any type of metal 
scrap coated with such contaminants as oiis (e.g. 
cutting and rolling oils), oil in water emulsions, 
hydrocarbon-based paints, lacquers, epoxy com- 
pounds, plastics, etc The material may be of any 
shape or size, including thin gauge material or 
relatively small particles. The melting of bulk mar 
terial (e.g. metal castings) could also If desired be 
cam'ed out by the method of the present invention. 
The present invention is particularly suited for the 
melting of such aluminum scrap as used beverage 
cans, trimmings from can manufacture, clean paint- 
ed aluminum scrap, thin foil (e.g. 15 micron foil or 
5 micron converter foil), machine turnings and sav- 
ings, insulated aluminum electrical cables etc. As 
noted above, the scrap may be in baled form, 
including highly compressed "briquettes" or 
"biscuits." No size restrictions apply to the com- 
pressed materiai to be treated, except that it must 
of course fit into the charge door of the furnace, 
and shredding is not usually required before treat- 
ment 

While the present invention is especially useful 
for melting aluminum (or aluminum alloy) scrap, it 
can also^be applied to the melting of other scrap 
materials, e.g. heavy tion-ferrous scrap such as 
copper base alloys. For example, insulated copper 
cable can be melted by the process of the inven- 
tion. 

The present invention makes use of a single 
furnace for both the decontamination and melting 
steps and thus reduces the complexity and nor- 
mally the cost of the apparatus compared to con- 
ventional equipment The decontamination and 
melting are carried out sequentially so that the 
material is decontaminated before it is melted. The 
scrap, during the decontamination step, Is exposed 
to the atmosphere in the fumace and is heated by 
a plasma so that the removal of contaminants is 
essentially complete before melting commences. 
The furnace should include means for displacing at 
least some (and preferably at least the majority) of 
the contaminated scrap material within the fumace 
interior during the decontamination step and also 
most preferably during the melting step. Inciden- 
tally, by the term "displacing" we mean moving 



from place to place and particulariy, although not 
exclusively, tumbling by means of which material 
from ' lower layers can be recirculated to higher 
layers pf the material charge and vice versa. The 

5 displacement is necessary during the decontamina- 
tion step In order to prevent the occurrence of hot 
spots in he material ctiarge (which is usually a 
good heat insulator because of its low density) 
which could result in the loss of metal by voiatiliza- 

10 tion, particularly when the scrap consists of thin 
gauge metal of low melting point (e.g. aluminum). 
The displacement of the material also has the 
advantages of exposing contaminated surfaces of 
the material to the hot atmosphere for thorough 

IS volatiiization or decomposition of the contaminants, 
and of allowing the resulting gases and vapours to 
escape freely from the interior of the charge to the 
atmosphere within the furnace. However, the dis- 
placement should not be too vigorous or conr>- 

20 pressed bates may be broken up and light pieces 
of scrap might be lost by entrainment in the exiting 
gases or overheating by the plasma. During the 
melting step, displacement is highly preferred and 
again has the effect of avoiding the formation of hot 

25 spots and of helping to break up clumps of the 
material, but has the additional advantage of assist- 
ing droplets of the metal to coalesce as the ma- 
terial melts so that the material separates easily 
Into a continuous molten metal layer. The displace- 

30 ment also has the advantage, both during the de- 
contamination step and during the melting step, of 
ensuring good heat distribution throughout the 
charge so that the steps proceed smoothly and so 
that the time required for each step can be kept to 

35 a minimum. The rate of displacement should be 
such that these objectives can be achieved. 

The displacement may be brought about by 
the use of a stirring device within the fumace 
interior. e.g. vertical, horizontal or angled rakes or 

40 vanes which are forced through the material charge 
within the fumace interior. Furthermore, particularly 
during the melting step, the stining may be carried 
out by electrical induction or by compressed gas- 
es. Much more preferably, however, a furnace is 

45 employed which is itself capable of imparting a 
continuous or intemnittent tumbling action to the 
charge of material within the fumace interior. Any 
fumace capable of producing the required tumbling 
action may be employed in this preferred form of 

50 the invention, e.g. a rotary furnace having a fumace 
chamber capable of undergoing continuous or in- 
termittent rotation in one or both directions about a 
horizontal or tilted\ axis, including a rotary fumace 
of the rocking arc type which alteinatively rotates in 

55 one and then the opposite directions to cause the 
fumace contents to adopt a regular rocking motion 
(such fumaces are disclosed in "Bectric Melting 
Practice" by A.G.E. Robiette, pp 99-114. John Wl- 
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ley and Sons Inc. (Haisted Press Division). New 
Yori<. USA, the disclosure of which is incorporated 
herein by reference). Preferably, the speed of rota- 
tion can be controlled so that an appropriate speed 
for the particular charge of material can be se-. 
lected and so that the speed of rotation can be 
varied during the course of the decontamination 
and mating steps, if desired. The furnace is nor- 
mally not rotated completely but is rotated only 
sufficiently to create adequate displacement 
(tumbling) of the charge. As the process proceeds, 
the speed of rotation is normally reduced and, 
during melting, the speed of rotation is usually only 
that required to ensure mixing and to avoid splash- 
ing of the molten metal. The speed of rotation 
(continuous or intermittent) is usually no greater 
than 1 r.p.m., preferably no greater than 0.5 r.p.m., 
and Is often about 0S5 r.p.m. 

The furnace should be lined with a suitable 
refractory material capable of resisting the tem- 
peratures employed for the decontamination and 
melting steps and also of resisting the mechanical 
shocks encountered during the displacement or 
tumbling motion. The rotary funnace should prefer- 
ably be closable to exclude the extemal atmo- 
sphere, although of course there must be sufficient 
venting to allow for the withdrawal of gases con- 
taining the volatile contaminants. One or both ends 
of the preferred rotatable (normally generally cylin- 
drical) chamber may be equipped with a closable 
door, and the furnace is normally operated on a 
batchwise basis, although a continuous operation is 
also possible. 

The furnace should be heated by a plasma 
during the decontamination step, but may be heat- 
ed by any means capable of generating the re- 
quired amount of heat without producing highly 
reactive gases in the interior of the furnace during 
the melting step. Bumers which generate heat by 
burning hydrocarbon fuels within the furnace inte- 
rior should be avoided because they produce car- 
bon dioxide and water vapour in the furnace and 
these gases can cause oxidation of the molten, 
metal. It is therefore preferable to heat the furnace 
by electricity, e.g. by electrical resistance heaters, 
by electric arcs or by induction heating. However, 
in a particulariy prefen^d fonm of the invention, the 
heating during both the decontamination step and 
the melting step is canied out by the use of a 
plasma either of the contained arc type, which uses 
a gas as a heat transfer medium, or of the trans- 
ferred arc type. The contained arc type of plasma 
is especially pretended because it does not require 
an electrode to be in constant electrical contact 
with the material charge (which in this invention is 
constantly being displaced), because it can be 
used to introduce a flow of non-reactive gas into 
the interior of the furnace and because it can be 



used to direct the heat onto the furnace refractory 
rather than onto the charge itself and thus help to 
avoid volatilization of the metal, in the latter case 
the furnace refractory should be capable of with- 

5 standing high temperatures (e.g. more than 
3000* F). High alumina or spinel refractories in- 
stalled to resist mechanical damage are suitable. 

Contained arc plasma torches of various heat* 
ing powers are commercially available, e.g. from 

10 Westinghouse Electric Corporation and Plasma En- 
ergy Corporation, both of the USA. Torches ranging 
in output from about 100 KW to 2.5 MW are 
currently available and a plasma torch of suitable 
output can readily be found to match furnaces of 

IS different charge capacities. 

As mentioned above, the displacement of the 
charge during the melting step helps the molten 
metal to coalesce Into a continuous layer. This, and 
also the fact that significant oxidation of the metal 

20 is usually avoided during the decontaminating step 
due to the prefen^d provision of a substantially 
inert gas in the furnace interior, means that it is 
usually unnecessary to use a salt flux during the 
melting operation in contrast to most prior art tech- 

25 niques. or at least the amount of salt flux required 
can be drastically reduced to the extent that there 
are virtually no significant amounts of residue left in 
the fumace after the metal has been tapped off and 
thus there are no disposal problems. For example, 

30 when it is considered necessary to use a salt flux 
carrying out the present invention, it is normally 
necessary to introduce less than 1.0%, and prefer- 
ably less than 0.2%, by weight of a salt flux based 
on the weight of the charge of contaminated ma- 
ss terial, and the amount may often be as little as 
0.001 to 0.1%. The use of these small quantities of 
fluxing salt may be necessary when the scrap 
forms a highly metallic residue that sticks to the 
refractory lining of the furnace and thus withholds 

40 metal from recovery. The fluxing salt prevents this 
from occuning. 

In order to avoid problems caused by the evo- 
lution of gases during the melting step, the melting 
step should preferably not be commenced until the 

45 decontamination step has removed substantially all 
of the volatile contaminants from the charge. How- 
ever, in many cases, there may be no need to 
provide recognizably separate decontamination and 
melting steps. For example, the contaminated ma- 

50 terial may be charged to tiie fumace, displacement 
and plasma heating sufficient to melt the charge 
may be commenced and the fumace may be left to 
operate in this way until the metal Is ready to be 
tapped off. This is because the removal of the 

55 volatile contaminants may inevitably be complete 
before the metal begins to melt This tends to be 
the case when one or a combination of the follow- 
ing factors is present: (1) the charge of material 
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consists of large pieces or bales which absorb the 
heat uniformly so that the temperature rises gradu- 
ally, (2) the material is contaminated with very little 
non-metallic material, and (3) the contaminating 
material is very volatile. 

In those cases where distinct decontamination 
and melting steps are required, heating ^may be 
commenced with a power input insufficient to melt 
the charge and the completion of the decontamina- 
tion step may be assessed by monitoring the tem- 
perature of the gases leaving the fumace and al- 
lowing the step to proceed for a predetermined 
time at a temperature within a certain range below 
the melting point of the metal, or by monitoring tiie 
composition of tiie gases leaving the furnace and 
terminating the step when tiie proportion of con- 
taminants falls below a predetermined value. At the 
end of the decontamination step, the power input to 
tile fumace is tiien increased to raise the tempera- 
ture of the metal above the melting point. When the 
metal Is aluminum, the power Input during tfie 
decontamination step can be controlled to maintain 
a bulk gas temperature at the fumace outiet of 
about 300-650 'C so as not to exceed the melting 
point of aluminum. During the melting step, the 
temperature at tiie fumace outiet can be raised to 
about 750 'C or more. 

The manner in which the released contamin- 
ants are dealt witii in the present Invention is an 
important preferred feature. Rrstiy, tiie gaseous 
contaminants are preferably continuously with- 
drawn from the interior of the furnace as they are 
generated from tiie charge by continuously intro- 
ducing fresh substantially non-reactive gas into tiie 
fumace interior and continuously removing con- 
taminated gases from tiie fumace. After withdrawaK 
from tiie furnace, the oxidizable contaminants are 
preferably oxidized by introducing an excess of 
oxygen into the gas together with a predetermined 
amount of gaseous fuel and the fuel is ignited in 
the gaseous stream. The flame produces a tem- 
perature of about 750 to 1200'C which oxidizes 
hydrocarbons £ind ottier oxidizable products In the 
gas exiting tiie fumace. The oxidized products, 
which generally consist of carbon dioxide and wa- 
ter vapour, may ttien be vented to the atmosphere, 
if necessary following passage through pollution 
control equipment The combustion products 
should not be retumed to tiie melting fumace be- 
cause the carbon dioxide and water vapour cause a 
layer of oxide to form on the metal during the 
decontamination or melting steps, which results In 
loss of recoverable metal jand in the formation of 
dross. 

When the heating is carded out by means of a 

plasma torch of tiie contained arc type, the volume 
of gas exiting tiie fumace is quite low, so tiie 



mosphere is also quite low and pollution concerns 
are minimized. The plasma torch may be operated 
with a non-reactive gas such as argon, carbqn 
monoxide, helium, hydrogen or combinations of 

5 these gases. Diatomic gases result in plasmas ofr 
higher energies and are therefore preferred. Nitro- 
gen (being diatomic and relatively inexpensive) is a 
particularly attractive plasma gas but it can result in 
the formation of metal nitrides at high tempera- 

70 tures. particularly when aluminum is the metal in 
question. This can result in metal losses and the 
fomiation of dross unless conditions are chosen to 
avoid temperatures at which the nitride readily 
fomis. For example. It may be prudent to use 

15 nitrogen only for the decontamination step and to 
change to another gas for the melting step. Rather 
tiian using pure nitrogen, which can.be expensive 
when required in large quantities, it is possible to 
use a gas produced by reducing the molecular 

20 oxygen content of air. Gases containing 0.5 to 
about 6% by volume of molecular oxygen can be 
produced relatively inexpensively by non-cryogenic 
physical separation means (e.g. those employing 
diffusion membranes and molecular sieves). Gases 

25 with even lower contents (e.g. 0.01 to 0.1% by 
volume) can be produced inexpensively by a pro- 
cess disclosed in our copending Canadian patent 
application serial No. 600.923 filed on May 29. 
1989. tiie disclosure of which is incorporated herein 

30 by reference. Oxygen or air may even be used as 
a plasma gas if tiie scrap is a rather heavy gauge 
material and if some metal loss due to oxidation 
can be tolerated. This is because oxidation is less 
of a problem when tiiick pieces of scrap are being 

35 treated because of the relatively low surface to 
volume ratio of the scrap. 

A plasma torch of the contained arc type may 
also be used for the Introduction of a salt flux in 
ttiose embodiments where the presence of such a 

40 salt is considered desirable during the melting 
step. Since the amount of salt flux required in tiie 
present invention is very small, it may be intro- 
duced In the form of a vapour by feeding powdered 
salt into the operating gas of the plasma. When tiie 

45 powder passes through the plasma, it is vaporized 
by the high temperatures encountered. This meth- 
od of introducing the salt flux is not only conve- 
nient, it also ensures a rapid and thorough distribu- 
tion of tiie salt to all of the constituent particles of 

so tiie charge. 

Once tiie metal has all been melted, it can be 
tapped off and tiie melting fumace should prefer- 
ably have a suitably located taphole for tills pur- 
pose, or alternatively the metal may be poured out 

55 of tiie fumace if tiie fumace is capable of tilting. In 
the case of reactive metals (e.g. Al-Li alloys), in 
order to prevent loss of metal during the tapping 
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mosphere of a gas that is inert to the metal at the 
tapping temperature. The tapped metal may be 
cast directly into a chill mould or into a ladle for 
transfer to a casting fumace associated with any 
l<ind of casting process (typically direct chill). 

Prefenred embodiments of the present inven- 
tion are described in detail below with reference to 
the accompanying drawings, in which: ■ 

Rgure 1 is a schematic representation of a 
presently preferred form of the process and ap- 
paratus of the present invention; 

Rgure 2 is a side elevation of a rotary fur- 
nace suitable for use in the present invention; and 

Rgure 3 is an end elevation of the furnace of 
Rg.2; . 

Rgure 4 is a representation of a plasma 
torch of the contained arc type suitable for heating 
the fumace of Rgure 2; and 

Rgure 5 is a sectional view of a furnace 
suitable for continuous operation of the invention. 

The overall process and apparatus is shown in 
simplified fonn in Rgure 1. A conveyor belt 10 
supplies compressed bales il of aluminum scrap 
(e.g. used beverage cans) to a rotary fumace 12 
equipped with a plasma torch 13 of the contained 
arc type. Fumace gases are withdrawn through 
ducting 14 to an incinerator 15 for oxidation of the 
gaseous contaminants, after which the oxidation 
products are vented to a stack 21. Molten metal 
can be withdrawn from the fumace at tapping point 
16 and can be cast into ingots 17. The molten 
metal tapped may, if desired, be transferred to a 
conventional furnace (not shown) for further treat- 
ment or to avoid the energy required for remelting. 

The furnace 12 is operated in batches. Rrstly. 
the bates 11 are loaded into the fumace through a 
charging door which normally carries the plasma 
torch 13 (so the torch swings out of the way as the 
charge is being loaded). When charging is com- 
plete, the door is closed and rotation of the fumace 
about its central longitudinal axis is can-ied out and 
heating with the plasma torch is commenced. The 
fumace is normally rotated on an intermittent basis 
of 1/B rotation at two minute intervals during the 
decontamination operation. Continuous rotation is 
avoided, particularly with dense bales, to avoid 
excessive mechanical damage of the refractory. 
The plasma torch is preferably operated at a power 
level suitable for heating the charge to a tempera- 
ture just below melting point of the aluminum (or 
particular aluminum alloy being processed). 

Fumace gases are withdrawn through duct .14 
as previously stated. The movement of gases can 
be initiated by means of a fan (not shown) at some 
point in stack 21 or the movement can be initiated 
by preheating the incinerator 15 to create an up- 
draft of gases. Once the fumace and incinerator 
reach their normal working temperatures*, the flow 



of gases normally requires no assistance. 

The plasma torch 13 is nomially angled in 
such a way that the plasma gases are directed 
onto the interior fumace wall rather than onto the 
5 Charge of scrap material. This results in a heating 
of the refractory lining of the fumace (not shown) 
and the charge is then heated by radiation from the 
heated refractory or by conduction as the charge 
contacts the hot refractory due to rotation of the 
70 fumace. 

The heating of the charge first of alt dries off 
any water or moisture that may be present in the 
scrap and then causes other volatile contaminants 
to vaporize or decompose. The rotation of the 
75 furnace exposes all of the bales to the heat. Even 
though the scrap is in highly compressed form, 
gases can escape from the interiors of the bales 
when the heat penetrates into the bales. 
*The incinerator 15 has an auxiliary burner 19 

20 supplied with air from blower 8 for operation with a 
slight excess of air using any suitable hydrocarbon 
as fuel, such as propane or natural gas. The auxil- 
iary bumer serves to preheat the incinerator to 
operating temperatures before the plasma device is 

25 started and also serves as a pilot bumer to Ignite 
the principal bumer 7 at which combustion of the 
oxidizabte materials in the fumace gases takes 
place. The fan or blower 8 also supplies into the 
incinerator through tube 25 the primary air required 

30 for burning the combustible gases entering the 
incinerator through the main bumer 7. Blower 8 
additionally supplies the primary afr required for 
the auxiliary or pilot bumer 19 (as stated) and the 
secondary air introduced into the incinerator 

35 through three inlets 9 as shown in Figure 1. The 
combustible gases from the fumace are oxidized in 
the flame of bumer 7, ignition being effected by the 
auxiiiary bumer 19. The high temperature in the 
incinerator causes the contaminants to be oxidized 

40 to carbon dioxide and water vapour. The waste 
gases can then be discharged to the external at- 
mosphere through stack 21, if necessary via con- 
ventional scrubbers or precipitators to remove dust 
and other pollutants. 

45 The incinerator 15 contains a temperature sen- 
sor 22 at a position downstream of the auxiliary 
bumer 19 and the secondary air inlets 9 to monitor 
the temperature of the gas stream. The tempera- 
ture measurements are used to control the amount 

50 of air supplied through a control valve 24 to burner 
7 to ensure that complete combustion of the con- 
taminants can be achieved. Periodic or continuous 
oxygen and/or carbon monoxide (CO) measure- 
ments (by equipment not shown) may be carried 

55 out to ensure the complete combustion of con- 
taminants and to avoid the use of unnecessary fuel. 

The duct 14 contains a temperature sensor 27 
to monitor the temperature of the gases leaving the 
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furnace so that the power output of the plasma 
^ ^ torch 13 can be regulated to achieve the desired 
V temperature In the furnace 12, 

The contained arc plasma torch 13 Is operated 
with a gas as the heat transfer medium. The gas is 
one that is substantially non-reactive with the alu- 
\mlnum under the process conditions prevailing at 
the time. Nitrogen (or air from which molecular 
oxygen has been removed) is the prefen-ed gas 
during the decontaminating step because of its 
high heat transfer capability and its relative cheap- 
ness compared with other inert plasma gases such 
as argon or helium. Nitrogen does not react exten- 
sively with the aluminum at the decontaminating 
temperatures (350-650* C). 

Once the furnace has been operated in this 
way for a time suitable to remove substantially all 
of the volatile contaminants from the scrap, the 
rotation of the fumace is changed from intermittent 
rotation to continuous rotation at about 0.3 rpm and 
the power output of the plasma torch 13 is in- 
creased to raise the temperature of the scrap 
above the melting point of the aluminum or alu- 
minum alloy. At this stage, or when the fumace 
was initially charged with the scrap, a salt flux may 
be added to the charge. The amount of the salt flux 
added should be no more than 1 % of the charge 
weight (and is preferably about 0.2%) and can be 
added through the plasma torch device as a vap- 
our, if desired. The quantity of salt is adjusted to 
the degree of contamination of the charge. After a 
time sufficient to result In melting of all of the 
metal, the rotation of the fumace is stopped and 
the molten metal is tapped off through taphole 16, 
if necessary under an atmosphere of a non-reactive 
gas (e.g. nitrogen) and is then dealt with in a 
conventional manner such as casting into ingots. 

Once the fumace has cooled sufficiently, any 
remaining dross can be removed (if necessary) 
through the charging door by tilting the fumace 
down and introducing a scraper device. In most 
cases, however, residue removal is necessary only 
occasionally since very little dross is normally pro- 
duced. 

Rgures 2 and 3 show a rotary fumace 30 
which is suitable for the present Invention when 
equipped with a plasma torch, e.g. torch 60 as 
shown in Rgure 4. The fumace consists of a hollow 
steel cylinder 31 having its interior walls l!.ned with 
a high temperature-resistant refractory layer 32. 
The walls of the cylinder taper inwanjiy at each 
» longitudinal end and one end is closed by an end 
wall 33 while the other end has an opening 34 
which is closable by a door mechanism shown 
generally at 35. The above structure forms an 
enclosed fumace for treatment of the scrap. 

The cylinder 31 is rotatably and tiltably sup- 
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the cylinder to rotate on its longitudinal axis on 
rollers 37 and also permits it to tilt about pivots 38. 
The rotation is effected by a gear ring 39 rigidly 
connected to the cylinder and a chain (not shown) 
5 which passes around the gear ring and is driven by 
a motor (not shown) capable of rotating the cyl- 
inder either intermittently or continuously in either 
direction at speeds up to about 10 r.p.m. or even 
as high as 20 r.p.m. (although such high speeds 
70 are normally not required). Tilting is effected by a 
motor 40 which nDtates a threaded rod 41 con- 
nected between an upright gantry member 42 and 
a horizontal cradle member 43 via a threaded 
bracket 44. Rotation of the rod causes tilting of the 
75 cylinder 31 In either direction about pivot 38 prefer- 
ably to an extent ranging up to about 30* above or 
below the horizontal. 

The door mechanism 35 is supported by a 
framework 45 rigidly attached to the tiltable section 
20 of the main framework 36. The frameworic 45 com- 
prises a door mount 46 vertically hinged at one 
side via a rotatable vertical shaft 47. A circular 
refractory lined door 48 is supported on the frame- 
work 45 by vertical pivots 49 which allow the door 
25 to tilt relative to the frameworic 45 so that the door 
' can seat properly in the opening 44 in the cylinder 
31. 

The refractory-lined door 48 rotates with the 
cylinder 31. The door 48 is attached to the non- 
30 rotating framework 45 via a low friction annular 
bearing rotated under the annular channel 51. Es- 
cape of gases between the periphery of the open- 
ing 34 and the confronting periphery of the door is 
prevented by positioning a gasket of fibrous ma- 
ss terial around the fumace opening between the cyl- 
inder 31 and the door 48. The dodt is held closed 
by a cable and winch arrangement 53 which pulls 
the door into sealing contact with the cylinder 31. 
thus compressing the gasket. 
40 The door 48 has a central hole 54 which re- 
ceives an annular plasma torch mount 55. The 
walls defining the hole and the engaging parts of 
the mount fomn a ball-and-socket type of joint 
which pemnits the torch mount to be tilted relative 
45 to the longitudinal axis of the hole 54 (and con- 
sequently also relative to the central longitudinal 
axis sof the cylinder 31). When a plasma torch is 
located In the mount 55, It seals the hole 54 
against the release of gases but tiie mount pemiits 
50 tiie plasma torch to be tilted as required within the 
fumace. Generally the mount allows the plasma 
torch to be tilted by up to 15" C eitiier above or 
below tile central longitudinal axis of the fumace. 
The door 48 has holes 50 which open into an 
55 annular channel member 51 for directing gases 
discharged from the fumace to an outlet 52. The 
outiet 52 is connected to an incinerator 15 (not 
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1. 

A typical contained arc type of plasma torch 60 
for use in the present invention is shown in Rg. 4. 
The torch comprises an elongated tube 61 having 
gas injection ports 42 located between front and s 
rear electrodes 63 and 64. respectively. An arc 65 
is strudc between the front and rear electrodes and " 
the gas is converted to plasma and ejected from 
nozzle 66. The plasma torch normally has a water 
jacket (not shown) to avoid overheating. The torch io 
can be mounted in the furnace in the manner 
indicated above with the nozzle 66 projecting into 
the furnace. 

The apparatus described above Is operated in 
the following manner. ^5 

The funaace 30 Is pre-heated either by means 
of a conventional heating device (e.g. a gas burner 
or an electric element) or by means of the plasma 
torch 60. 

A scrap material charge is then charged to the 20 
furnace through door 48 with the furnace tilted to 
the horizontal position by tilting motor 20. 

The gasket of fibrous material is then installed 
around the fumace opening 34 and the door 48 is 
closed and winch 53 operated to held the door 25 
tightly closed. 

The fumace is tilted upwardly (door end high) 
by up to 30*. A higher tilting angle allows a larger 
scrap material charge to be handled because the 
molten metal, when fonmed. must not rise to the so 
level of the door opening 34. However, the tilting 
angle should not be so high that a tumbling effect 
is prevented. 

The plasma heating is carried out with the 
plasma torch 60 angled upwardly from the horizon- 35 
tal. 1.6. away from the charge. Thiar ensures that no 
hot spots are formed in the scrap material. As the 
plasma torch is operated, the fumace is rotated at 
a continuous, or preferably intemnittent speed of 
less than 1 r4>.m. The rotation prevents a hot spot 4o 
fonming in the fumace lining 31 and also conveys 
the heat to the charge. The temperature of the 
charge can be monitored either by thennocouples 
(not shown) buried in the fumace lining 32 and/or 
by means of a thermocouple mounted in the gas 4S 
exhaust conduit 52. A computer may be used to 
enable the speed of rotation of the fumace to be 
^varied according to the temperature of the exhaust 
gas. The volatile contaminants are fed to the ihcin- 
erator (not shown) where they are oxidized. 50 

When the charge has been uniformly heated to 
a decontaminating temperature below the melting 
point of the metal for a time sufficient to rid the 
charge of volatile contaminants, the plasma output 
is increased (and optionally the plasma gas 55 
changed) and the speed of rotation of the furnace 
is reduced until most of the metal has melted. The 



removed through one or more tapholes 57. The 
tiling and rotating capabilities of the furnace can be 
used to direct the molten metal towards one or 
other of the tap holes. The molten metal may be 
poured into a drain pan (not shown) located under 
the fumace. 

Fig. 5 is a sectional view of an apparatus 
suitable for carrying out the decontamination and 
melting steps on a continuous rather than batch- 
wise basis. The apparatus consists of an elongated 
tubular rotary furnace 70 heated by a contained arc 
plasma torch 71 using nitrogen or another suitable 
plasma gas. Contaminated material 72 to be melt- 
ed is introduced into the furnace through an air 
lock device 73 into a decontamination zone 74 of 
the furnace. Heat from the plasma torch heats the 
refractory walls of the rotating fumace 70 which 
transfer heat by radiation and/or conduction to* the 
contaminated material 72. The charge gradually 
moves along the fumace. tov/ards the lower end 
where it enters a melting zone 75 after receiving 
sufficient heating and displacement to achieve re- 
moval of the non-metallic contaminants. The 
charged material melts in the melting zone and is 
intermittently cast through a taphole 76 while al- 
ways maintaining a pool 77 of liquid metal to 
ensure the integrity of the atmosphere in the fur- 
nace. The downward angle of slope of the fumace 
70 and the speed of- rotation can preferably be 
adjusted to ensure that the materia! 72 remains for 
the desired periods of time in the decontamination 
zone 74 and the melting zone 75. 

The contaminated gases within the fumace 70 
are extracted through a duct 78 to an incinerator 79 
as in the embodiment of Fig. 1. Combustible gases 
are ignited by a pilot or auxiliary burner 80 which 
also ensures movement of the contaminated gases 
from the fumace through duct 78 when the fumace 
Is first started. Sufficient air to ensure complete 
combustion of the contaminated gases to carbon 
dioxide and water vapour is added through duct 81 
and is supplied by a blower (not shown). 

The invention is illustrated in further detail by 
the following Examples which should not be con- 
strued as limiting the scope of the invention. 



EXAMPLE I - Process With Air as Plasma Gas 

The material melted in this Example consisted 
of thin gauge (450 microns) used flexible busbar 
material. An oxide coating was present on the 
material prior to melting. 

A load of 2059 kg of the material was charged 
to the preheated refractory lined fumace as shown 
in Rgures 1-3. The charge was heated with a 1 
MW contained arc plasma device with air as the 
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dined above the horizontal axis of the furnace to 
avoid direct impingement on^the surface of the 
charge. 

The furnace was intermitten^y rotated (about 
1/8 rotation every 2 minutes). The furnace was 
tilted at a 5 degree angle from the horizontal 
(higher elevation at the door end as opposed to the 
outlet end). When the charge reached melting tem- 
perature the furnace was continuously rotated at 
0.33 rpm to optimize the transfer of energy ab- 
sorbed by the hot refractories to the charge by 
conduction. 

After 88 minutes of heating, the metal tempera- 
ture was measured at the taphole at 729*0 and 
subsequently, the torch was turned off. 1949 kg of 
molten metal were tapped from the furnace taphole 
con^sponding to a recovery of metal of 94.7% of 
the charged weight to the furnace. 

A powdery residue weighing 117 I^g containing 
4.6% aluminum nitride. 1.75% free aluminum metai 
and the balance being aluminum oxides was 
cleaned from the furnace chamber. 

The average power used during the process 
was 951 KW for an energy consumption of 681 
KW-h/tonne charged to the fumace. 



EXAMPLE 2 - Process with Nitrogen as the Plasma 
Gas 

The material melted in this Example was iden- 
tical to that charged in Example 1, namely thin 
gauge (450 microns) used flexible busbar material. 
An oxide coating was present on the material prior 
to melting. 

A charge of 2035 kg was loaded into the 
preheated (refractory hot face temperature of about 
350 * C before charging) refractory lined fumace as 
used for Example 1. 

The fumace was intermittently rotated (about 
1/8 rotation every 2 minutes). The fumace was 
tilted at a 5 degree angle from the horizontal 
(higher elevation at the door end as opposed to the 
outlet end). When the charge reached melting tem- 
perature the fumace was continuously rotated at 
0.33 rpm to optimise the transfer of energy ab- 
sori^ed by the hot refractories to the charge by 
conduction. v 

After 126 minutes of"heating, the metal tem- 
perature was measured" at the taphole at 720 *C 
and subsequently the torch was tumed off. 1988 kg 
of molten metai were tapped from the fumace 
taphole con'esponding to a recovefry of metal of 
97.7% of the charged weight to the fumace. 

A residue weighing 51 kg containing 12.4% ' 
aluminum nitride, 1.70% free aluminum metal and 



The average power used during the process 
was 908 KW for an energy consumption of 949 
KW-h/tonne charged to the furnace. 

The longer process time and resulting higher 
5 energy requirements for this Example using nitro- 
gen as the plasma gas as opposed to air used In 
Example 1 were determined to be due to less heat 
being stored in the fumace refractories before tiie 
fumace was charged. Secondly, energy require- 
to ments were higher due to reduced torch efficiency 
with nitrogen as plasma gas as opposed to air. As 
well, the nitridation reaction of aluminum is much 
less exotiiemnic than tiie oxidation reaction of alu- 
minum resulting in higher extemal energy Input 
15 The improved recovery as seen in this Exam- 
ple as compared to Example 1 demonstrates the 
more harmful effect of using air as the plasma gas 
resulting in a 3% reduction in tiie metal recovered. 

20 

EXAMPLE 3 - Melting of Baled Aluminum 
Sawchips - Air as Plasma Gas 

A charge of 2007 kg of aluminum sawchips in 
25 baled form was melted in the same apparatus as 
for the previous Examples with substantially tiie 
same procedures. The melting process required 
1.4 hours (84 minutes) and the molten metal was 
cast to a temperature of 745' C. Molten metal 
30 weighing 1892 kg was tapped for a metal recovery 
of 94.3%. with a residue of 128 kg being removed 
from tiie furnace. The residue consisted of alu- 
minum nitiide (3.4%), metallic aluminum (2.3%) 
and the balance of aluminum oxides. 
35 The plasma device was operated at an average 
Qpwer of 935 KW for an energy requirement of 669 
KW-h/lonne charged. 



40 EXAMPLE 4 - Melting of Baled Aluminum 
Sawchips - NUrogen as Plasma Gas 

A charge of 2110 kg of aluminum sawchips in 
baled form was melted in the same apparatus as 

45 for the previous Examples with substantially the 
same procedures. The melting process required 
1.9 hours (114 minutes) and aluminum weighing 
2026 kg was tapped for a metal recovery of 96.0%. 
No residue was formed but a metallic material 

50 completely covered the refractory surfaces of the 
fumace. 

The plasma device was operated at an average 
power of 993 KW for an energy requirement of 897 
KW-h/tonne charged. 
55 In a subsequent treatment, again with nitrogen 
. as the plasma gas, 1718 kq of aluminum sawchips 
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After 1.6 h of melting, 1691 kg of metal were 
tapped from the furnace for an overall recovery of 
98.4%/ 

The powdery residue weighed 35 kg and com- 
prised a mi)cture of salt flux» aluminum nitrides 
(13.6%). metallic aluminum (1.6%) and oxides. 

The plasma device was operated at an average 
power of 974 KW for an electrical energy con- 
sumption rate of 906 KW-h/tonne charged. 



EXAMPLE 5 - Melting of Compressed Briquettes of 
Aluminum Can Body Process Scrap with an Air 
Plasma Gas 

A charge of 1692 kg of compressed briquettes 
of aluminum can body process scrap containing 
0.72% by weight of hydrocarbons (rolling oils) was 
melted in the apparatus as described above. 

After 1.5 h of melting. 1583 kg of molten alu- 
minum were recovered at a temperature of 730* C 
for a recovery of 93.6% based on initial charge 
weight The residues removed from the furnace 
weighed 136 kg. The plasma device was operated 
at a power of 928KW for a specific energy' con- 
sumption of 813 KW-h/ton charged. 



EXAMPLE 6 - Melting of Compressed Briquettes of 
Aluminum Can Body Process Scrap with an Nitro- 
gen Plasma Gas 

A charge of 1986 kg of compressed briquettes 
of aluminum can body process scrap containing 
0.72% by weight of hydrocarbons (rolling oils) was 
melted in the apparatus as described above. 

After 2.5 h of melting, 1871 kg of molten alu- 
minum were recovered. Without any cleaning of 
the fumace a second charge of 1927 kg of the 
same material was charged. After a heating period 
of 2.2 hours. 1941 kg of molten aluminum was 
tapped at a temperature of 879 *C. The overall 
recovery for the two tests combined was 97.4%. 
The residues were left in the fumace for recovery 
following a subsequent melting trial. The average 
power for these combined trials was 961 KW with a 
specific energy consumption of 1170 KW-h/tonne 
charged. 



Claims 

1. A process for melting contaminated metalllf- . 
erous scrap material comprising a metal and non- 
metallic-contaminants wherein the contaminated 
scrap material (11, 72) is introduced into a melting 
furance (12, 70), the material in the fumace interior 
is melted, volatile components are withdrawn frofn 



the fumace interior and molten metal is removed 
from the furnace, characterized in that prior to 
melting said metal; in order to decontaminate said 
material the material (11. 72) is heated by means 
5 of a plasma (13» 71) at a temperature below the 
melting point of the metal at which non-metallic 
components are volatilized while displacing at least 
some of the material (11. 72) within the fumace 
interior. 

• 70 2. A process according to claim 1 character- 
ized in that said metal is aluminum or an aluminum 
alloy. 

3. A process according to claim 2 character- 
ized in that said scrap material (11, 72) is contami- 

75 nated with materials selected from oils, oil in water 
emulsions, hydrocarbon-based paints, epoxy com- 
pounds, lacquers and plastics. 

4. A process according to claim 1. claim 2 or 
claim 3 characterized in that said material (11, 72) 

20 is heated during said melting step by means of a 
plasma. 

5. A process according to claim 1, character- 
ized in that said material (11. 72) is heated during 
said melting step by heating means not employing 

25 a plasma, which means do not produce gases in 
the melting fumace that react to a significant extent 
with said material. 

6. A process according to claim 5. character- 
ized in that said heating means is an electrical 

30 resistance heater, an electric arc or an induction 
heating apparatus. 

7. A process according to claim 1, claim 2 or 
claim 3 characterized in that said material (11. 72) 
is heated both during said decontamination step 

35 and during said melting step by means of a con- 
tained arc plasma torch (13, 71). 

8. A process according to claim 1, claim 2 or 
claim 3 characterized in that said displacement of 
said material during said decontaminating step is 

40 effected by continuously tumbling said material 
within said fumace interior. 

9. A process according to claim 1, claim 2 or 
claim 3 characterized in that said displacement of 
said material during said decontaminating step Is 

45 effected by intenmittentiy tumbling said material 
within said fumace interior. 

10. A process according to claim 1, claim 2 or 
claim 3 characterized in that said volatile con- 
taminants withdrawn from said fumace are oxidized 

50 and discharged to an external atmosphere. 

11. A process according to claim 1. claim 2 or 
claim 3 characterized in that said volatile con- 
taminants withdrawn from said fumace are oxidized 
by passing the contaminants through a duct (15. 

55 79), introducing a fuel and excess air into said duct 
. . and igniting said fuel and contaminants in said 
duct 

12. A process according to claim 1. claim 2 or 
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claim 3 characterized in that said material (11, 72) 
is heated by a plasma both in said decontaminating 
step and In said melting step, and in that said 
material (11. 72) is heated at a first power level 
insufficient for raising the temperature of said ma- 
terial above the melting point of the metal in order 
to effect said decontaminating step and then the 
material is heated at a second higher power level 
to effect said melting step. 

13. A process according to claim 1, claim 2 or 
claim 3 characterized in that said material (11, 72) 
Is heated by a plasma both in said decontaminating 
step and in said melting step, and in that said 
material (11, 72) is heated at a single power level 
capable of melting said metal for both said de- 
contaminating step and said melting step, said 
contaminants and/or said metal being such that 
said contaminants are substantially completely 
volatilized before said metal begins to melt. 

14. A process according to claim 1, claim 2 or 
claim 3 characterized In that up to 1% by weight of 
a fluxing salt is added to said scrap material. 

15. A process according to claim 1, claim 2 or 
claim 3 characterized in that up to 0.2% by weight 
of a fluxing salt is added to said scrap material. 

16. A process according to claim 1. claim 2 or 
claim 3 characterized in that 0.001 to 0.1% by 
weight of a fluxing salt is added to said scrap 
material. 

17. A process according to claim 1. claim 2 or 
claim 3 characterized in that said molten metal (77) 
Is protected from oxidation when removed from 
said furnace by providing a protective atmosphere 
of a substantially non-reactive gas. 

18. A process according to claim 1. claim 2 or 
claim 3 characterized in that said material (1 1 . 72) 
is one or more gf the following: used beverage 
cans, trimmings from can manufacture, clean paint- 
ed aluminum scrap, thin foil, machine tumings. 
machine sewings or insulated cable. 

19. A process according to claim 1, claim 2 or 
claim 3 characterized in that said scrap material 
(11, 72) is in the fonn of compressed bales. 

20. A process according to claim 1 , character- 
ized in that a gas which is substantially non-reac- 
tive with said metal Is supplied to said fumace 
interior during said decontaminating step. 

21. A process according to claim 1, character- 
ized in that a gas which is substantially non-reac- 
tive with said metal under the prevailing conditions 
is supplied to said fumace Interior during said 
melting step. 

22. A process according to claim 20 or claim 
21 characterized in that said gas Is hydrogen, 
nitrogen, helium, argon, methane or a gas pro- 
duced by reducing the molecular oxygen content 
of air to about 6% by volume or less. 



ized In that said plasma used for said decontamina- 
tion step is a contained arc plasma (13, 71) em- 
ploying a ga&.as a plasma generating medium and 
in that said gasv employed for said plasma forms 
5 said substantially' non-reactive gas supplied to the 
fumace interior. v 

24. A process according to claim 21 character- 
ized in that said scrap (11, 72) is heated during 
said melting step with a contained arc plasma (13, 

70 71) employing a gas as a plasma generating me- 
dium and in tiiat said gas employed for said plas- 
ma fornns said substantially non-reactive gas sup- 
plied to the furnace interior. 

25. A process according to claim 1 character- 
75 ized in that said plasma (13. 71) used for said 

decontamination step is a contained arc plasma 
employing air as a plasma generating medium. 

26. A process according to claim 1 character- 
ized in that a contained arc plasma (13, 71) is used 

30 for heating said scrap (11, 72) In said melting step, 
said plasma employing air as a plasma generating 
medium. 

27. A process according to claim 1. claim 2 or 
claim 3 characterized in tiiat said process is canied 

25 out on a batchwise basis. 

28. A process according to claim 1 , claim 2 or 
claim 3 characterized in tiiat said process is carried 
out continuously. 

29. A process for melting particulate contami- 
30 nated scrap material comprising a metal selected 

from aluminum and aluminum alloys, and non-me- 
tallic contaminants at said process comprises: 
introducing said scrap material (11, 72) into an 
interior of a melting fumace (12, 70) capable of 
35 being at least partially rotated to cause tumbling of 
said scrap material; 

while at least partially rotating said fumace (12, 

70) , heating said scrap material with a contained 
arc plasma torch (13. 71) to a temperature which is 

40 sufficient to volatilize a volatilizable component of 
said non-metallic contaminants but which is below 
tine melting point of said metal, said heating being 
continued for a time sufficient to volatilize substan- 
tially all of said volatilizable component; 

45 raising tiie temperature of said scrap (11, 72) in 
said melting fumace (12. 70) to a temperature 
above the melting point of said metal in order to 
melt said metal: and removing molten metal (77) 
from said melting fumace (12. 70). 

50 30. An apparatus for melting metalliferous 
scrap material characterized in that said apparatus 
comprises a melting fiirnace (12, 70) having a 
furnace Interior for receiving contaminated metallif- 
erous scrap material (11, 72) containing metal and 

55 non-metallic contaminants, a plasma, generator (13, 

71) for heating material in said fumace, means for 
displacing at least some of said scrap material (1 1 , 
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ing gas containing contaminants from said furnace 
(12, 70), means for oxidizing and discharging said 
contaminants, and means for removing molten met- 
al (77) from said furnace (12. 70). 

31. Apparatus according to claim 30 ciiaracter- 5 
ized in that said melting furnace (12, 70) is capable 

of rotation to cause tumbling of said material, and 
saTd means for displacement comprises means for 
rotating said fumace. 

32. Apparatus according to claim 31 character- 70 
ized in that said fumace (12. 20) is capable of 
intermittent rotation. 

33. Apparatus according to claim 31 character- 
ized in that said fumace (12, 70) is capable of 
continuous rotaBon. 75 

34. Apparatus according to claim 31 character- 
ized in that said furnace (12. 70) is a rotary fur- 
nace. ^ 

35. Apparatus according to claim 31 character- 
ized in that said fumace (12. 70) is a rocking arc 20 
fumace. 

36. Apparatus according to claim 30 character- 
ized in that said plasma generator (13, 71) is a 
contained arc plasma torch. 

37. Apparatus according to claim 30 character- 25 
Ized in that said means for oxidizing and discharg- 
ing said contaminants comprises a duct (15. 79) for 
receiving gases exiting said fumace (12, 70). 
means (19) for Introducing a fuel into said duct, 
means (8, 81) for introducing excess air into said so 
duct, means (19, 80) for igniting said fuel in said 
duct and means (21) for discharging combustion 
products to an external atmosphere. 

36. Apparatus according to claim 30, claim 31 
or claim 32 characterized in that said furnace is a 35 
cylindrical tube (70) orientated at an angle to the 
horizontal and having means (73) to feed the scrap 
material continuously into an upper end of the 
fumace and means (76) to remove molten metal 
from a lower end of the fumace. 40 
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